Oseltamivir is an antiviral drug used in the treatment and prophylaxis of influenza virus A and B infections. It was developed by Gilead Sciences and is currently marketed by Haffmann-La Roche (Roche) under the trade name Tamiflu. Oseltamivir is readily absorbed from the gastrointestinal tract after oral administration of oseltamivir phosphate. It is extensively converted to oseltamivir carboxylate by esterases located predominantly in the liver. Oseltamivir carboxylate is eliminated entirely by renal excretion. Less than 20% of an oral radiolabeled dose is eliminated in feces.
Oseltamivir is an antiviral drug used in the treatment and prophylaxis of influenza virus A and B infections. It was developed by Gilead Sciences and is currently marketed by Haffmann-La Roche (Roche) under the trade name Tamiflu. Oseltamivir is readily absorbed from the gastrointestinal tract after oral administration of oseltamivir phosphate. It is extensively converted to oseltamivir carboxylate by esterases located predominantly in the liver. Oseltamivir carboxylate is eliminated entirely by renal excretion. Less than 20% of an oral radiolabeled dose is eliminated in feces. 1) Chemically it is (3R,4R,5S)-4-acetylamino-5-amino-3-(1-ethylpropoxy)-1-cyclohexene-1-carboxylic acid, ethyl ester. 2) Stability testing forms an important part of the process of drug product development. The purpose of stability testing is to provide evidence on how the quality of a drug substance varies with time under the influence of a variety of environmental factors such as temperature, humidity and light, and enables recommendation of storage conditions, retest periods, and shelf life to be established. The assay of oseltamivir API (Active Pharmaceutical Ingredient) in stability test sample needs to be determined using stability indicating method, as recommended by the International Conference on Harmonization (ICH) guidelines 3) and USP.
4)
The present work was designed to develop a simple, precise and rapid analytical LC procedure, which would serve as stability indicating assay method for analysis of oseltamivir API. Literature survey for oseltamivir analysis revealed several methods based on different techniques, viz. LC-MS assay for it's quantification in plasma and urine, 5) LC assay for evaluation of Tamiflu 6) and HPLC method for the determination of oseltamivir in Tamiflu. 7)
The present study is the first time report on stability indicating assay of oseltamivir in presence of degradation products by HPLC. In this method gradient elution method is selected for the analysis of oseltamivir API because it gave better base line separation and peak width, which is suitable for the routine analysis of oseltamivir. Although the gradient elution method uses two-pump system, the gradient run provided a proper peak with baseline, which prompted us to select this method for the analysis of oseltamivir API.
In view of above in the present study we hereby report the development and validation of a stability indicating gradient reverse-phase HPLC (RP-HPLC) method for analysis of oseltamivir API in presence of degradation products as per ICH guidelines.
In order to establish the stability indicating nature of the method, force degradation of oseltamivir was performed under various stress conditions (basic, acidic and oxidative), and stressed samples were analyzed by the proposed method. The proposed LC method was able to separate the drug from degradation products generated during forced degradation studies. The developed method was validated as per ICH guidelines 8) and its updated international convention. 9) The linearity of response, precision, ruggedness and robustness of the described method has been checked.
Experimental
Chemical and Reagents Oseltamivir standard and API were provided by Ranbaxy Research Laboratories, Gurgaon, India. Acetonitrile and hydrogen peroxide were from Qualigens, Mumbai, water was from Milli Q (Millipore), Billerica, triethylamine and sodium hydroxide were from Merck Ltd.; Mumbai.
HPLC Instrumentation and Conditions
The HPLC system-Alliance, Waters 2695 separation module having maximum pressure of 5000 psi, detector-Waters 2996, photodiode array detector. To develop a precise, linear, specific and suitable stability indicating RP-HPLC method for analysis of oseltamivir, different chromatographic conditions was applied and the results are presented in Table 1 and the following optimized conditions were applied for final analysis. The chromatographic separation was performed using Kromasil C 18 , 5 mm, 250ϫ4.6 mm i.d. column, at ambient temperature, eluted at the flow rate of 1.0 ml/min using gradient run. The mobile phase consisted of acetonitrile and 0.2% triethylamine buffer (v/v), apparent pH adjusted to 3Ϯ0.1 with 10% phosphoric acid, filtered through 0.45 mm nylon filter and degassed in ultrasonic bath prior to use. Wavelength was selected by scanning standard solution of drug over 200 to 400 nm using Shimadzu model 2450 double beam UV-visible spectrophotometer. Measurements made with an injection volume of 20 ml and ultraviolet (UV) detection at 215 nm, showed reasonably good response.
Standard and Sample Preparation The standard and sample stock solutions were prepared separately by dissolving standard and sample in a sol- Forced Degradation Studies Oseltamivir was allowed to hydrolyze in different strengths of base (0.005 N, 0.05 N NaOH), acid (0.05 N, 0.5 N, 1 N HCl) and hydrogen peroxide (30%, 10%, 3%, 1%). Oseltamivir was also studied for its thermal degradation at 100°C, 120°C and 200°C for 1 h. An accurately weighed 50 mg of oseltamivir API was dissolved in 1 ml of respective base (NaOH), acid (HCl) or hydrogen peroxide and kept for specified period after which the volume was made upto 50 ml with water : acetonitrile (70 : 30, v/v). Five milliliters of the above solution was diluted with water : acetonitrile (70 : 30, v/v) to get a concentration of 100 ppm. Blank was also treated in the same way. The results of stability studies are presented in Table 2 , Fig. 2 .
Validation Linearity was determined by injecting different concentration of sample solutions (70-130 mg/ml, Fig. 3 ). For system precision, standard solution (100 mg) was injected in six replicate injections to check % RSD (relative standard deviation) and for method precision six time samples were prepared and each of those was injected in duplicate. Mean of all of these values gives rise to assay value.
To establish the within-day (intra-assay) and between-day (inter-assay) accuracy and precision of the method, oseltamivir was assayed on one day and three separate days. Intra-assay and inter-assay were calculated and the data are presented in Tables 3 and 4 respectively.
Robustness of method was investigated by varying the chromatographic conditions such as change of flow rate (Ϯ10%), organic content in mobile phase (Ϯ2%), wavelength of detection (Ϯ5%) and pH of buffer in mobile phase (Ϯ0.2%). Robustness of the developed method was indicated by the overall % RSD between the data at each variable condition (Table 5) .
Limit of Detection (LOD) The detection limit is determined by the analysis of samples with the known concentrations of analyte and by establishing the minimum level at which the analyte can be reliably detected.
The LOD was calculated as follows:
Limit of Quantitation (LOQ) The quantitation limit is determined by the analysis of sample of known concentrations of analyte and by establishing the minimum level at which the analyte can be quantified with acceptable accuracy and precision.
The LOQ was calculated as follows:
Specificity The specificity of the proposed method was performed by analyzing degraded sample solution of oseltamivir.
Stability in Analytical Solution
For stability in analytical solution sample was analyzed initially and at different time intervals.
Results and Discussion
Chromatographic Conditions To develop a precise, linear, specific and suitable stability indicating RP-HPLC method for analysis of oseltamivir, different chromatographic conditions were applied and the results observed are presented in Table 1 and Figs. 1a-i. Isocratic elution is simple, requires only one pump and flat baseline separation for easy and reproducible results. X. F. Li et al. 10) suggested that the time to achieve baseline separation for analysis of components is usually long under isocratic elution. The similar results have been observed with current study (Table 1) where in different isocratic runs the base line or peak width were not significant to carry out RP-HPLC analysis whereas the gradient run provided a proper peak with baseline ( Fig. 1i) which was selected for the analysis of oseltamivir API. This is similar to the results observed by Sharma et al. 11) during their analysis of tea chemicals by RP-HPLC, where they observed gradient elution provided better base line separation and peak width in comparison to isocratic run.
In case of RP-HPLC various columns are available, but here Kromasil C 18 , 5 mm, 250 mmϫ4.6 mm i.d. column was preferred because using this column peak shape, resolution and absorbance were good and acetonitrile was selected as mobile phase, because of its favorable UV transmittance. Among the different mobile phases employed the mobile phase consisted of acetonitrile and 0.2% triethylamine (v/v) with an apparent pH adjusted to 3Ϯ0.1 with 10% phosphoric acid was found to be suitable for the analysis of oseltamivir API. Further, a flow rate of 1.0 ml/min, an injection volume of 20 ml and UV detection at 215 nm was found to be best for analysis.
Forced Degradation Studies Singh and Bakshi 12) suggested a target degradation of 20-80% for establishing stability indicating nature of the assay method, even as the 414 Vol. 56, No. 4 intermediate degradation products should not interfere with any stage of drug analysis. In the present study even though the conditions used for forced degradation are in the range of producing 20-80% target degradation, degradation of oseltamivir could not be achieved even after prolonged duration. During the study it was observed that upon treatment of oseltamivir with different strengths of base (0.005 N, 0.05 N NaOH), acid (0.05 N, 0.5 N, 1 N HCl) and hydrogen peroxide (30%, 10%, 3%, 1%) the degradation was observed only with the higher strengths of alkali (0.05 N NaOH), acid (1 N HCl) and hydrogen peroxide (30%) whereas with the lower strengths of alkali (0.005 N NaOH), acid (0.05 N, 0.5 N HCl) and hydrogen peroxide (1%, 3%, 10%) no degradation (0%, Table 2 ) was observed. Table 2 indicates the extent of degradation of oseltamivir under various stress conditions. Figures 2a to e show the chromatograms of forced degraded samples. Further it is important to note that from the chromatograms (Figs. 2a to e) , it is evident that although the degraded peaks are observed, the peak of oseltamivir is unaffected, which indicates that these degraded peaks are due to the presence of impurities (amine or polar groups) and the oseltamivir is stable under the applied stress conditions like heat, acid and alkaline hydrolysis and oxidative degradation states.
Linearity The calibration curve showed good linearity in the range of 70-130 mg/ml, for oseltamivir API with cor- Table 1 relation co-efficient (r) of 0.999 (Fig. 3) . A typical calibration curve has the regression equation of yϭ25358xϩ62100 for oseltamivir.
Precision
The results of system precision (% RSDϭ 0.25) and method precision (% RSDϭ0.10) are found within the prescribed limit of ICH guidelines (% RSDϽ1%, and % RSDϽ2% respectively in case of system precision and method precision).
Intra-assay and Inter-assay The intra-and inter-day variation of the method was carried out and the high values of mean assay and low values of standard deviation and % RSD (% RSDϽ2%) within a day and day to day variations for oseltamivir revealed that the proposed method is precise (Tables 3, 4) .
Method Robustness Influence of small changes in chromatographic conditions such as change in flow rate (Ϯ10%), organic content in mobile phase (Ϯ2%), wavelength of detection (Ϯ5%) and pH of buffer in mobile phase (Ϯ0.2%) studied to determine the robustness of the method are also in favor (Table 5 , % RSDϽ2%) of the developed RP-HPLC method for the analysis of oseltamivir API.
LOD and LOQ The minimum concentration levels at which the analyte can be reliably detected (LOD) and quantified (LOQ) were found to be 0.05 and 0.3 mg/ml, respectively.
Specificity and Stability in Analytical Solution
The results of specificity indicated that the peak was pure in pres- 416 Vol. 56, No. 4 ence of degraded sample. It is important to mention here that the oseltamivir API was stable in solution form upto 24 h at 25°C. The appearance of broad peak at RRT 4.343 may be attributed to the presence of amine or polar groups in the degraded sample. The results of linearity, precision, inter and intra-day assays, method robustness, LOD, LOQ and specificity and stability in analytical solution established the validation of the developed RP-HPLC assay for the analysis of oseltamivir.
Conclusion
In conclusion, a sensitive and selective stability indicating RP-HPLC method has been developed and validated for the analysis of oseltamivir API. Based on peak purity results, obtained from the analysis of force degraded samples using described method, it can be concluded that the absence of coeluting peak along with the main peak of oseltamivir indicated that the developed method is specific for the estimation of oseltamivir in presence of degradation products. Further the proposed RP-HPLC method has excellent sensitivity, precision, and reproducibility. Even though no attempt was made to identify the degraded products, proposed method can be used as a stability indicating method for assay of oseltamivir.
